INTRODUCTION
During two last decades, a few publications discussed early evolution and palaeobiogeography of Mesozoic planktonic foraminifera (Boudagher-Fadel et al., 1997; Gradstein, 1998; Hart et al., 2002; Hart et al., 2007) . In 2009, it was noted that "over the last 50 years, our knowledge of early plankto nic foraminifera has changed markedly. In 1958 (Hudson et al., 2009) . Having in mind a great interest in this and related species, the author decided to make a revision and re-description of Globuli gerina oxfordiana, actually after long years from its publication, now having a possibility to study the types of this species by a modern scanning microscopy technique.
Grigelis described "Globigerina oxfordiana" from the Upper Jurassic of Lithuania and this has, sub sequently, become identified as one of the most geo graphically widespread of Jurassic planktonic taxa"

BASE DATA ON GLOBULIGERINA OXFORDIANA (GRIGELIS)
The first discovery of planktonic foraminifera in the Upper Jurassic of Lithuania determined as 'Globigerina oxfordiana sp. n.' was published by A. Grigelis in 1958 in a rare Russian (Moscow) periodical (Grigelis, 1958, text- fig.) ; therefore, some years remain out of the eyes of western reader. However, in 1966 this species was found by J. Guyader in the Lower Oxfordian (Quenstedtoceras mariae Zone) of the Seine Basin (Guyader, 1966, Docteur Thèse) . A short but concise description was done followed by a raw hand-drawn figure (op. cit., p. 178, Pl. 28, Fig. 28 a-c) (Fig. 1) .
The same year, J. Guyader followed by G. Bignot published an article on Oxfordian planktonic foraminifera of Le Havre area (Seine-Maritime), Normandy (Bignot, Guyader, 1966) . The authors described further genus Globigerina that in 1970 was changed by them to a new subgenus Globige rina (Globuligerina) (Bignot, Guyader, 1971 ), but gave extended data on the records of 'globigerina-like' foraminifera in Jurassic, else sometimes doubtful, since discovery of 'Globigerina liassina' by Terquem et Berthelin in 1875. A detailed description of Globigerina oxfordiana Grigelis, 1958 and comparison of the morphotypes with other known Jurassic globigerinae-species gives an impression on the identity of the taxa described, including similar dimensions of tests. The drawings of Grigelis' holotype (Pl. 1, Fig. 1 ) and Le Havre original specimens show a good agreement with test shape, spiral coiling formula (4+4), chambers and sutures view, aperture form and position (Fig. 2) . The internal structure of Le Havre specimen shows a thin radially perforate wall.
Continuing their study, Bignot and Guyader in 1970 , at the Second Planktonic Conference in Rome, reported on new observations of Globige rina oxfordiana Grigelis (Bignot, Guyader, 1971 ).
Based on comparative analysis of type genus Glo bigerina bulloides d'Orbigny and Lithuanian and French material on Globigerina oxfordiana Grigelis, the authors established new subgenus Globuli gerina under genus Globigerina, 'characterised by a virguline aperture, not perfectly umbilical, and with little lip' (op. cit., p. 79). In systematic description, the type-species Globigerina oxfordiana Grigelis, 1956 [should be 1958] emend. Bignot et Guyader, 1970 , is named for the new subgenus Globuligerina. The authors first used the scanning electron microscope JEOL JSM2 for Jurassic planktonic foraminifera, very helpful for a detailed survey of wall structure, perforation and surface (Fig. 3) . Thus, after the first publications the knowledge of Globuligerina oxfordiana (Grigelis) was considerably enlarged in 1980-1990s, some studies used advanced new SEM data. In 1980, A. Grigelis and T. Gorbachik published a detailed study of the morphology and taxonomy of Favusellidae species from the Middle Jurassic to Cenomanian based on SEM data, discussing the development of its sculpture and porosity (Grigelis, Gorbatchik, 1980a , 1980b . The latter article presents for the first time for western readers the extended data on several species of the Jurassic and Early Cretaceous planktonic foraminifera based on a detailed study of its morphology of tests with a scanning electron microscope (in Moscow University). The topotype of Globuligerina oxfor diana (Grigelis) indicates the primary porosity of 0.4-0.5 µm and pustulose test surface forming irregular or more or less quadrangular cells ("muricae" surface (Grigelis, Gorbatchik, 1980b, p. 180 ). This family includes more than 30 species characterised by an extensive geographic distribution in Tethyan realm and its northern Perithetys margins. Later on, T. N. Gorbachik published a special study on the wall structure of Globuligerina oxfordia na (Grigelis) showing on SEM pictures the densely pustulose wall sculptured by thick cones or short ridges and the radially crystalline calcite wall with 1 µm microcrystal plates isolated by an organic membrane (Gorbachik, 1983) . Just a year later, Loeblich and Tappan (1984) introduced a new family Globuligerinidae, especially collecting Jurassic globigerina-like foraminifera.
Continuously working on Lithuanian materials, in 1985 the author published a monograph on the Jurassic foraminifera of the south-west Baltic area describing the systematic and taxonomy of abundant foraminifera assemblages from the Bathonian to the Lower Volgian (Tithonian). Taxa description contains 231 species; moreover, 53 new species, 4 new genera and 2 new subfamilies are established; light microscope foraminifera photos are compiled in 40 palaeontological plates. As regards Jurassic planktonic foraminifera, a detailed description of genus Globuligerina Bignot et Guyader, 1971 is given, first applying the ratio D:d and d:H ratio for shell characteristics (Grigelis, 1985a) ; also the holotypes of Globuli gerina oxfordiana (Grigelis) (Fig. 4) and Globu ligerina stellapolaris Grigelis are newly re-drawn. Published in Russian, this monograph is rarely in use by western readers. In 1985 again, the author published another paper on zone stratigraphy of the Baltic Jurassic according to foraminifers (Grigelis, 1985b ) presenting the original methodology of analysis of foraminifera zones setting up stratigraphic subdivision of the Upper Bathonian to the Lower Volgian (Tithonian) based on the foraminifera zone assemblages.
In 1986, an extended decadal field survey of ammonites and foraminifers of the Upper Jurassic in Central Russia (Kostroma and Rjasan' districts) was a result of collective work (Azbel et al., 1986). The discovery of abundant and very well preserved Globuligerina oxfordiana (Grigelis) made in Shatrishche in 1977 was repeated in the sections of Makarievo on the Unzha River, supplying later researchers with excellent material for the SEM studies (e. g. Gorbatchik, 1983; Gorbachik, Kuznetsova, 1997) .
Later on, in 1996, K. I. Kuznetsova, A. A. Grigelis, J. Adjamian, E. Jarmakani and L. Hallaq published a monograph on zone stratigraphy and foraminifera of the Tethyan Jurassic (Eastern Mediterranean) (Kuznetsova et al., 1996) establishing a zone subdivision for Syrian Jurassic within the Lias-Tithonian stratigraphy interval based on the evolution of the foraminifera assemblages. During field work in Syria, in 1986-1989 (Grigelis et al., 1989), despite large benthic foraminifers prevailing in limestone lithofacies [carbonate platform], a large amount of small lenticulinid-epistominid type species was determined in the soft clayey intercalations. The single specimens of Glo buligerina bathoniana (Pazdro) in the Bathonian and Globuligerina oxfordiana (Grigelis) (Fig. 5 ) in the Lower Oxfordian of several Syrian localities were found, described and depicted by light microscope photos. The exposed G. bathoniana is bigger (D 460 µm) than G. oxfordiana (D 300-360 µm).
As a result of a Lithuanian-Swedish geotraverse study on the Jurassic geology and foraminifera faunas in the NW part of the East European Platform, in 1999 A. Grigelis and E. Norling displayed the new SEM photos of selected Jurassic species, including Globuligerina oxfordiana (Grigelis) from the Oxfordian of Jotija borehole (Lithuania), Shatrishche-2 section (Rjasan' , Central Russia) (Fig. 6) , and Hano Bay borehole (Sweden, Eastern Scania) (Grigelis, Norling, 1999 , 2000 .
GEOLOGICAL SETTING
Geological development of Lithuania is determined by large tectonic structures, Baltic Syneclise, Masurian-Belarussian Anteclise, and Latvian Saddle, belonging to the Precambrian East European Craton (Fig. 7) . The lower structural stage of geological sequence consists of the Proterozoic crystalline rocks of the pre-Riphean occurring at the depths of 200-2,300 m below NN, and the upper one is composed of sedimentary rocks from the Ediacaran (Vendian) age and to the Quaternary (Grigelis, Kadūnas, 1994; Baltrū-nas et al., 2004) . From the tectonic point of view, the sedimentary cover, due to the character of geological formations, their genesis and presence of regional angular unconformities, is divided into structural complexes, stages and substages. The Alpine complex (Upper Permian-Quaternary) is characterised by a number of local tectonic structures affected by faults and local monoclinal The Mesozoic section, in particular, is represented by Triassic, Jurassic and Cretaceous sedimentary rocks cropping out on the pre-Quaternary surface, thus shaping the Polish-Lithuanian Syneclise. As regards the Jurassic period, this inherited moist climate conditions after the end of the Triassic when the Rhaetian was formed by continent weathering products represented with light kaolinitic-hydromicaceous clays (up to 15 m thick). The Jurassic is distributed in the western-south-western part of Lithuania (see Fig. 7 ). The section is represented in the lower part by continental and brackish deposits of the Lower and Middle Jurassic and the Lower Callovian, while the upper part is set by the Upper Jurassic marine deposits from the Middle Callovian to the Oxfordian, Kimmeridgian, and Tithonian (Volgian) (Grigelis, in: Sigmond, 2002) . The total thickness is 20-30 m in the north-east of the basin and up to 240-250 m in its southwest, on the boundary with Poland. Along the banks of the Venta River, the Jurassic deposits appear on the land surface in the Papilė settlement environs. South-westwards, the Jurassic layers lie under younger Cretaceous deposits, at the depths from 60-150 to 300-320 m below NN, where more complete sections are found. The whole Jurassic section is subdivided into regional formations, and marine deposits also to ammonite and foraminifera zones (Grigelis, 1985b; Rotkytė, 1987) . As to palaeogeography, in the Early and Middle Jurassic the continental regime predominated, and the late Triassic break embraced the beginning of the Early Jurassic (Grigelis et al., 1992) . The small continental shallow basins began to form in the late Pliensbachian and the Toarcian under the effect of slow tectonic descents, in which sandy-clayey sediments with traces of breaks and weathering were deposited. During the Bajocian and early Bathonian, in some intervals these sediments were overburdened by sandy-clayey deposits with floral remains, transformed later into brown coal or lignite. At the end of the Middle Jurassic, during the late Bathonian and early Callovian, the first signs of transgression appeared, resulting in marine ingressive intercalations of sandy-clayey sequence with the foraminifera and bivalves. At the end of the Middle Jurassic (from the middle Callovian), almost the whole territory (with the exception of its north-eastern area) was embraced by a powerful transgression of the Central European marine basin, ensuing from the southwest. Palaeogeographic conditions underwent fundamental changes and a large Jurassic Baltic Basin was formed, in which during the whole late Jurassic epoch (25 Ma) sandy, clayey and carbonate sediments were deposited, and the varied Protozoa and Invertebrate fauna flourished. An extremely rich fauna indicates that the late Jurassic basin was of a low energy shelf type (up to 200-250 m deep) and of normal salinity; water was saturated with dissolved calcium carbonate. The climate was warmer than in the middle latitudes (Šimkevičius et al., 2003) . The basin through the North German-Polish Sea communicated widely with the World Ocean. At the end of the Jurassic, the sea retreated from the territory of Lithuania.
SITES DESCRIPTION
The description of type localities of G. oxfordiana (Grigelis) given below is based on author's notes made during field work in Lithuania on these boreholes in 1956; additional comparative material was sampled in Central Russia at Nikitino environs in 1977 (Fig. 8) . No special analyses of lithology content of sedimentary rocks were made. Microfauna remnants were picked up by the author after standard sediment disintegration and handsieving procedure. Foraminifera were found abundant (>100 specimens per 1 g of dry residual) in all samples studied.
Borehole Fig. 9 , left side). Rather recently it was thought that the planktonic foraminifera -mainly Globigerinidae -appeared en masse for the first time during the early Cretaceous (Subbotina, 1953) . Rare and often doubtful findings of Globigerinidae in the Jurassic deposits of France and Poland (Terquem, 1876 . 1886) already in the 19th century required checking, and they could not affect significantly the understanding of stratigraphic distribution of this family. However, lately new data began to be accumulated to reveal the geological history of the planktonic Rhizopoda (Foraminifera). At present, the fact of a rather wide distribution of planktonic foraminifera in the Upper Jurassic deposits of the East European (Russian) Platform raises no doubts. Thus, the representatives of Globigerinidae family were detected by L. G. Dain in the Oxfordian of Moldova, Eastern Ukraine, and Russian Ulyanovsk Region (pers. comm. by L. G. Dain). In Lithuania, the planktonic forms (Globigerina oxfordia na sp. n.; further here -Globuligerina oxfordiana (Grigelis)) had been detected by the author of the present article in the argillaceous-silty deposits of the Lower Oxfordian in the south-western land area, where Globuligerina oxfordiana (Grigelis) was observed en masse in separate samples.
The findings of Globigerinidae are also known in the Middle Jurassic of the USSR area. According to V. T. Balakhmatova (1953) , the representatives of this family were detected in the Bajocian deposits of Turkmenistan. The doubts expressed by O. K. Kaptarenko-Chernousova (1954) about the reliability of the findings have no grounds, in our opinion.
Nevertheless, the Jurassic representatives of planktonic foraminifera, in particular Globigerinidae, are rather insufficiently studied. The known rare findings of these forms in the Middle and Upper Jurassic deposits of some USSR regions cannot present a full view of the development of species and genera of the Globigerinidae family for that time, but at a certain degree they report about the first appearance and the initial stage of development of the mentioned family -one of the first families of foraminifera, which switched to the planktonic mode of life. Globigerina oxfordiana sp. n. was detected in some profiles in south-west Lithuania ( 1966 Globigerina oxfordiana Grigelis, J. Guyader, p. 178, Pl. 28, Fig. 28ª- 1980a Globuligerina oxfordiana (Grigelis), A. Grigelis and T. Gorbachik, p. 24, Pl. 1, Fig. 4 .
1980b Globuligerina oxfordiana (Grigelis), A. Grigelis and T. Gorbachik, p. 182, Pl. 1, Fig. 4 1986 Globuligerina oxfordiana (Grigelis), R. Wernli and P. Kindler, p. 141, Fig. 3, Pl. Figs. 1-4 Diagnosis. The shell is trochoidal consisting of a two-whorl spiral, each with four ball-shaped chambers; its primary aperture above the umbilicus is in a shape of a half-moon with a small lip.
Description. The shell is trochoidal, small, and oval in shape with a festoon-like contour. On the dorsal side, there are two whorls of a spiral, each containing four globular chambers, contiguous but not overlapping each other. The first initial whorl on the dorsal side lies slightly above the second or later whorl. As the shell is growing, the chambers are gradually increasing in size. The sutures are linear, straight and deep.
On the ventral side, the chambers of the ultimate whorl are visible. At the centre, there is a small umbilicus. The aperture in a shape of the halfmoon (loop-shaped) at the umbilical margin of the last chamber has a small lip. The wall is porous, roughish and calcareous.
Size, in mm: max. diameter ranges within 0.17-0.25, min. diameter is 0.15-0.21, and height is 0.13.
Variability. The dorsal (spiral) side of a test of Globuligerina oxfordiana (Grigelis), depending on the degree of trochoidity of a spiral, is varying from a flattened to low-conical shape. The degree of compactness of joints of chambers for the last whorl is also varying. As a rule, the test is formed of incompactly joining contiguous chambers -such specimens are oval in shape; while the shells with more compactly laid chambers in a spiral are of round shape. In both cases, the chambers do not overlap each other by their margins.
Comparative notes. Globuligerina oxfordia na (Grigelis) resembles slightly the globigerinids described by V. T. Balakhmatova from the Bajocian deposits in the Gaurdak region of Turkmenistan under the name of Globigerina ex gr. bul loides d'Orbigny (1953, p. 87, Fig. 1 ). The species described differs from the latter ones in a less compact joining of chambers into spirals and more even growth of their sizes on the last whorl. Moreover, the aperture for the forms described by V. T. Balakhmatova is not distinguishable and closed by shell outgrowths and plates, thus significantly differing from G. oxfordiana. The Lower Cretaceous "Globigerina" hoterivica Subbotina and "Globigerina" infracretacea Glaessner differ from Globuligerina oxfordiana (Grigelis) in larger numbers of chambers and whorls as well as smaller shell size.
Distribution and geological age: Lithuania, districts of Šakiai and Tytuvėnai, Lower Oxfordian.
Material. The collection contains about a hundred of well-preserved specimens.
DESCRIPTION OF SEM DATA (PLATES I-IV)
The scanning laser electronic microscope SEM QUANTA-250 (The Netherlands, 2015) and supplementary devices are installed in the Open Centre of the Nature Research Centre at Akademijos 2, Vilnius, Lithuania, the work is dated March-April 2016. The new model of SEM is based on the laser scanning method; therefore, an object to be studied doesn't need to be covered by golden dust; that is important if it is necessary to save, for example, holotypes of specimens. The specimens of planktonic foraminifera have been taken from A. Grigelis' collection by Dr. Agnė Aleksienė, and the scanning photography operator was Dr. Gailė Žalūdienė. Preservation of tests is good or excellent, shells are mainly empty, not filled in by postdiagenetic particles. Magnification scale in µ is reported on the photo margins. Photography results numbered are stored as TIFF files in SEM Lab archive.
The SEM born micrograph data of exclusively well-preserved specimens confirm in detail all main morphology features of Globuligerina oxfordiana The same specimen, detail of pustule wall surface, rarely joining in short ridges, diameter of pustulae 3-4 µm, × 5000; 4. The same specimen, details of broken wall the thickness of which exceeds ca. 5 µm, radial crystals and pores in between are visible in bilamellar wall, × 14 000.
arch-like aperture rimed by a well expressed lip, the last bulla-like chamber with a smoother wall surface; a slowly growing spiral contains four chambers, two in each whorl. The wall is microperforate with pores of ca. 1 µm in diameter. Wall surface is densely sculptured with a few different modes: (1) by cone-like blunt pustules (pseudomuricae) with a diameter of 1-4 µm pointed in the centre by a small raise with a micro-pore, (2) by porous pustules joining into short irregular ridges, (3) by the ridges joining in a reticulate wall pattern having irregular porosity. New observation distinguishes a notable case with the wall surface changes from reticulate to pustule and to rather smooth on the last chamber (Plate IV, Fig. 4 ). The details of the broken wall show that its thickness does not exceed 5 µm, pores are visible in the bilamellar wall in between with the radial micro-crystals. According to M. K. Boudagher-Fadel et al. (1997) , the wall of Globuligerina oxfordiana (Grigelis) studied by X-ray diffraction is considered to be aragonitic. The micro-crystals are seen on fractured walls (here, Plate II, Fig. 4 ).
DISCUSSION
In two decades after the findings made by V. T. Balakhmatova in 1953, the Jurassic planktonic foraminifera were found in the localities along the Parathetys northern margins and received recognition from many authors (Grigelis, 1958; Hofman, 1967 Oesterle, 1968; Pazdrowa, 1969; Groiss, 1970; Bignot, Guyader, 1971; Ascoli, 1976; Gradstein, 1978; etc.) . However, some findings were partly questionable and needed approval (especially, described by Fuchs, 1973 Fuchs, , 1975 . A discussion took place on the Second Roma Planktonic Conference in 1970 where J. Hofker, Senior (1971) expressed an opinion that these are of trochamminid branch (see Bignot and Guyader, 1971 ). Nevertheless, evidently it became true that this "globigerinae-like" 1 2 4 3 group often called "primitive globigerine", "protoglobigerine", "pseudoglobigerine" (Colom, 1955) actually presents the earliest phase of evolution of planktonic foraminifera. The time span of the Jurassic period should be taken into account: 203-135 Ma; Toarcian base 184 ± 3 Ma (Ogg, Hinnov, in Gradstein, 2012) .
Summarising the recognised data, the author of this article first described the Jurassic stage of development of planktonic foraminifera (Grigelis, 1974) . A list of 10 species is presented, and Globu ligerina Bignot et Guyader, 1971 is first assigned to the genus rank (sensu subgenus Globuligerina of French authors). The following year, an extended paper on the Jurassic stage of the evolution of planktonic foraminifera was published (Grigelis, 1975) , where the author stated that this group first appeared in the earliest Jurassic and since mid-early Jurassic began to develop in the Tethys Ocean spreading to its northern Peritethys margins from Turkmenistan and Dagestan to Portugal and to shallow epicontinental seas of the East European (Russian) Platform, to North-West Europe hercynian structures and North Atlantic Shelf (Gordon, 1970) . After Grigelis (1975) , the Jurassic stage of development of planktonic foraminifera is characterised by a relative phyletic isolation, rather low rate of evolution, low individual variability and rather uniform morphology, and small and sporadic populations.
Thus, following Hans M. Bolli (1986) about three major phases of planktonic foraminifera development, i. e. the Cretaceous, Palaeocene-Eocene and Oligocene to Recent, the fourth -actually, first phase should be added -Jurassic (and latest Triassic?). By Bolli, evolutionary criteria are indicated as changes in test size, chamber and test shape, test surface ornamentation, apertures and accessory aperture structures. However, as regards Jurassic planktonic foraminifera, these principal morphological patterns seem only little variables, evolutionary changes not clearly expressed, low biodiversity at species and genera levels; however, phyletic lineages because of rare and incomplete material are still difficult to recognise.
Afterwards, in latest decades a lot of new discoveries of planktonic foraminifera have been reported in different regions from the entire sequence of Jurassic sedimentary basins, showing its worldwide distribution. Globuligerina oxfordiana (Grigelis) (Korchagin, 2003) . However, their systematic and taxonomy is not yet arranged in an acceptable form. In addition, it has been reported about some finds of planktonic foraminifera in the Upper Rhaetian of uppermost Triassic of the Crimea , which should be studied on a more representative sampling material.
Actually, the increasing knowledge sets up more general queries, first at all, as regards the origin and early evolution, biodiversity and biogeography of Jurassic planktonic foraminifera (e. g., Grigelis, 1983 After the first data of the Jurassic planktonic foraminifera were received, soon it became clear that because of their wide distribution and calibrated stratigraphic value they could be used in biostratigraphy as markers in microfossil zonation (actually important for deep sea drillings). Most likely, P. Ascoli (1976) was the first who reported Globuligerina bathoniana (Pazdro) from the Bathonian and Globuligerina oxfordiana (Grigelis) from the Oxfordian as relative age markers in the microfossil assemblages of the Scotian Shelf, Atlantic Canada. This destination was developed by the established zone foraminifera subdivision for the Jurassic of Eastern Europe (Grigelis, , 1987 Grigelis, 1982 Grigelis, , 1983 ; Grigelis, Kuznetsova, Yakovleva, 1984; Azbel et al., 1986; Grigelis, Kuznetsova, 1987 Kuznetsova, , 1993 Kuznetsova et al., 1991) , Sweden (Grigelis, Norling, 1999) , and Canada Atlantic Shelf (Аscoli, Grigelis, 1993; Grigelis, Ascoli, 1995) . Globuligerina oxfordiana is chosen as a zone index-species for Lower Oxfordian marking the chronozone level (peak zone, abundant zone). Actually, the phylozone of this species is wider, if trusted in exact determinations, from possibly the Late Bajocian to the Kimmeridgian .
CONCLUSIONS
The Jurassic planktonic foraminifera is a widely distributed "globigerine-like" group that actually presents an earliest phase of their evolution. The group first appeared in the earliest Jurassic and since mid-early Jurassic began to develop in the Tethys Ocean spreading to its northern Peritethys margins. The Jurassic stage of development of planktonic foraminifera is characterised by relative phyletic isolation, rather low rate of evolution, low individual variability and rather uniform morphology, and small and sporadic populations. The dispersion of planktonic (holoplanktonic) foraminifera floats after the Middle Jurassic into the earliest Oxfordian, which marked for the first time a widespread expansion of Globuligerina oxfordiana (Grigelis) into the World Ocean, is most likely related to high stands of sea level and movement of tectonic plates.
The revision and re-description of the Globu ligerina oxfordiana (Grigelis, 1958) presents an extended study of topotypes of this species by means of a modern laser scanning microscopy technique (SEM). After the first publications, the SEM born micrograph data of exclusively well-preserved specimens confirm in detail all main morphology features of this taxon.
The Jurassic planktonic foraminifera, because of their wide distribution and calibrated stratigraphic value, are already used in biostratigraphy as markers in microfossil zonation. This destination has been developed by the established zone foraminifera subdivision for the Jurassic of Eastern Europe, Sweden, and Canada Atlantic Shelf.
